Some recent BABAR results on semileptonic decays are presented. They focus on the determination of the CKM matrix elements |V ub | and |V cb | in inclusive and exclusive b → uℓν and b → cℓν decays, and on form factors measurement in exclusive c → sℓν decays.
Introduction
Semileptonic decays play a crucial role in the determination of the unitarity triangle parameters: decays of the b quark give access to the CKM matrix elements |V ub | and |V cb |, while charm decays provide a way to validate lattice QCD computations through form factors measurements. Such calculations provide theoretical inputs that are used, especially, in the b sector. A lot of new results have been obtained by the BABAR collaboration during the last years, thanks to the large bb and cc production cross-sections and to the large recorded statistics. Some of these measurements are presented here.
2.B → X c ℓ −ν ℓ decays 2.1. Inclusive analysis: measurement of moments of the hadronic-mass and of the lepton energy spectrum In the context of Heavy Quark Expansion (HQE), measurements of moments of the hadronic-mass and of the lepton-energy spectra in inclusiveB → X c ℓ −ν ℓ , and measurements of moments of the photon-energy spectrum in B → X s γ decays, are used to determine precisely |V cb |, the quark masses m b and m c and the heavy-quark parameters. In the analysis presented here [1] , 232 millions of BB pairs are used to obtain a new measurement of hadronic mass moments m k X with k = 1, ..., 6 as well as a first determination of mixed hadron mass-energy moments n k X with k = 2, 4, 6. All moments are given for different cuts on the minimum momentum of the charged lepton, varying between 0.8 GeV/c 2 and 1.9 GeV/c 2 , in the rest frame of the B meson. Events with one B meson fully reconstructed in a hadronic decay are used, the semileptonic decay of the second B meson is identified by the presence of an electron or a muon. The hadronic system X c is reconstructed from the remaining particles in the event and the hadronic mass is calculated from the reconstructed fourmomenta as m X = √ p 2 Xc . To extract unbiased m k X moments, correction functions defined from the simulation are used. They relate moments of the measured mass and moments of the true underlying mass and depend on the resolution and total multiplicity of the hadronic system X c . The same procedure is used to extract the mixed moments n k X . The measured hadronic mass moments shown in [1] agree with previous measurements and present significantly smaller statistical uncertainties, which are smaller than the systematic uncertainties, than the previous BABAR measurements. A combined fit in the kinetic scheme to hadronic mass moments, to measured moments of the lepton-energy spectrum [2] and to moments of the photon energy spectrum inB → X s γ [3, 4] 
Exclusive analysis:
The study of the B 0 → D * − ℓ + ν ℓ decay allows the simultaneous determination of |V cb | and of the form factors parameters characterizing the effects of strong interaction in this decay. There are two axial form factors, A 1 and A 2 , and one vector form factor, V , which depend on q 2 , the mass squared of the ℓ + ν ℓ system. The heavy quark effective theory (HQET) predicts that these form factors are related to each other through heavy quark symmetry (HQS), but HQET leaves three free parameters, which must be extracted from experiment. This decay depends on four kinematic variables: w, which is related to q 2 by w = 
The Lorentz structure of the B 0 → D * − ℓ + ν ℓ decay amplitude can be expressed in terms of three helicity amplitudes which correspond to the three polarization states of the D * . For low-mass leptons, these amplitudes are expressed in terms of the three functions h A1 (w), R 1 (w) and R 2 (w), related to the form factors A 1 , A 2 and V . The analysis reported here [5] , uses the following expressions for the form factor parameterization [6] :
. The three parameters ρ 2 , R 1 (1), and R 2 (1), cannot be calculated; they must be extracted from data. In BABAR this analysis is performed using a sample of 79 f b −1 . Events that contain a D * − candidate and an oppositely charged electron or muon with momentum in the range 1.
The value of F (1)|V cb | and of the three form factors parameters are extracted using a combined fit of three one-dimensional (χ is practically insensitive to the form factors parameters) binned distributions with a bin-by-bin background subtraction. The background is estimated from data independently for each variable. Combining results from this analysis with the ones contained in the previous BABAR publication [7] and taking into account the correlation between them, the following values are obtained:
The corresponding branching fraction is B(B 0 → D * − ℓ + ν ℓ ) = (4.69 ± 0.04 ± 0.34)%. These results supersede all previous BABAR measurements of the form factors parameters, of the exclusive branching fraction and of |V cb | extracted from this decay.
Inclusive analysis
The analysis of inclusiveB → X u ℓ −ν ℓ decays allows the determination of the CKM matrix element |V ub | through the measurement of the decay rate. The experimental challenge for this analysis is to separate the signal from the 50 times largerB → X c ℓ −ν ℓ decays. Thanks to the mass difference between the u and c quark, several regions of phase space can be defined where this background is suppressed. The measured partial branching fractions, ∆B(B → X u ℓ −ν ℓ ), in these selected regions can then be related to |V ub | thanks to QCD calculations in the Operator Product Expansion (OPE) framework. This analysis has been done by the BABAR collaboration using 347.4 f b −1 [8] . Events with one of the B meson fully reconstructed in a hadronic decay are selected. The semileptonic decay of the second B meson is identified by the presence of an electron or a muon with momentum in the center of mass frame greater than 1 GeV/c. Three kinematic variables are used to select three different regions of phase space: M X , the invariant mass of the hadronic system, q 2 and P + ≡ E X − | P X | where E X and P X are the energy and momentum of the hadronic system in the B rest frame. The distribution of these variables are extracted performing fits to the m ES 1 distribution of the reconstructed B, for subsamples of events in individual bins for each of the kinematic variables. The partial branching ratios are measured for M X < 1.55 GeV/c 2 , P + < 0.66 GeV/c and (M X < 1.7 GeV/c 2 , q 2 > 8( GeV/c 2 ) 2 ). Actually, in order to reduce systematic uncertainties, ratios of partial branching fractions to the total semileptonic branching fraction are measured. Results of the fitted number of events, ∆B(B → X u ℓ −ν ℓ ) and the corresponding values of |V ub | for the three kinematic regions can be found in [8] . The partial branching ratios are translated to |V ub | using recent QCD calculations. The analysis which uses the M X variable leads to a very accurate determination of |V ub |, with a 9% total uncertainty.
Exclusive analysis:
where the form factor f + (q 2 ) depends on the momentum transfered squared q 2 . Several theoretical calculations, as light cone sum rules or lattice QCD provide values of this form factors for different q 2 range, which allows the measurement of |V ub | from experimental data. Uncertainties on these calculations still dominate the errors on the computed values of |V ub |, but, if a large statistics is available, the data can be used to discriminate between the
where √ s is the total energy in the Υ (4S) center-of-mass frame and p B , the momentum of the B candidate in the same frame.
various calculations by precisely measuring the f + (q 2 ) shape. The BABAR collaboration recently published an analysis of the B 0 → π − ℓ + ν ℓ decay [9] using an original method based on a loose neutrino reconstruction technique. Using 206 f b −1 , the B meson candidate is reconstructed using π ± and ℓ ∓ together with the event's missing momentum as an approximation to the signal neutrino momentum. The decay of the second B meson is not explicitely reconstructed. This leads to a large signal efficiency while having a good q 2 resolution. A total of 5072 ± 251 signal events are obtained and the partial branching fractions
bins. The ∆B distribution together with theoretical predictions is shown in [9] . Using [10] in the range q 2 > 16 GeV 2 , the value of |V ub | is obtained:
−0.4 , where the last uncertainty is due to the normalization of the form factor. A precise determination of the total branching fraction is also obtained:
The BABAR collaboration has obtained precise measurements of the form factors parameters for two charm semileptonic decays: [12] . The CKM matrix element involved in these decays, V cs is known precisely if we assume the unitarity of the CKM matrix. The analysis technique is similar for both channels, the charm decay is reconstructed in e + e − → cc events, the second charm meson is not explicitely reconstructed. The difference of shape between cc and bb is used to discriminate signal from bb background events.
D
0 → K − e + ν e decay The rate of this exclusive decay is proportional to |f + (q 2 )| 2 . The models used to parameterized the q 2 dependence of the form factor are the BK ansatz [13] , where the parameter to be fitted is α and the simple pole model, for which the mass of the pole is fitted. This analysis has been done with 75 f b 2 ), excluding the simple pole model. The modified pole mass parameter α = 0.38 ± 0.02 ± 0.03. This value is lower than the lattice QCD determination [14] (α = 0.50 ± 0.04). In order to obtain the absolute normalization of the form factor, the D 0 → K − e + ν e branching fraction is measured relative to the reference decay channel
The extracted value of f + (0) is found to be f + (0) = 0.727 ± 0.005 ± 0.007 ± 0.005, where the uncertainties are statistical, systematic and from external inputs, repsectively. This value is in agreement with the lattice result [14] (f + (0) = 0.73 ± 0.03 ± 0.07).
+ ν e As for the B 0 → D * − ℓ + ν e , this decay depends on four variables (q 2 and three decay angles) and on three form factors, A 1 , A 2 and V , for which we assume a q 2 dependence dominated by a single pole:
Events with a K + K − mass in the range 1.01 − 1.03 GeV/c 2 are selected, and except for a small Swave contribution, they correspond to φ meson. Using 214f b −1 of data, the number of selected signal events is 25341, which greatly exceeds any previous measurement and allows the determination of the pole mass m A in addition to the usual form factors parameters r 2 = A 2 (0)/A 1 (0), r V = V (0)/A 1 (0). These parameters are extracted using a binned maximum likelihood fit to the four-dimensional decay distribution. The sensitivity to m V is weak and this parameter is fixed to 2. 
Conclusion
This review of recent BABAR measurements, altough non-exhaustive, underlines the great effort ongoing at B-factories in the understanding of semileptonic decays. One can remark that the dominant uncertainties on the determination of the CKM parameters are often coming from theoretical inputs.
